production is O.~f mb and that for ~0 production is 5.9 mb. The angular distribution of each final-state pion is of the form A + cos 2 e.
INTRODUCTION UCRL-3.339
There has been increasing interest in the production of mesons in meson-nucleon collisions at high energies. We have felt that it would be of interest to calculate the production cross section.for energies near threshold. There is evidence indicating strong P-wave production of mesons. Such evidence consi~ts of the small cross section for 11 ° production in p-p collisions, the rapid increase with energy of the total + cross section for 7.r production in these collisions, and the center-ofmass angular distribution fbr the 17-1-of 0.29 + cos 2 e.
'
2 The (.3/2, 3/2) resonant state in meson-nucleon scattering appears to be of importance in the production process. The hypothesis that meson production takes place through excitation of a nucleon into the (3/2, 3/2) resonant state is capable of explaining the small cross section for 11-1-production in n-p 3 . collisions relative to that in p-p collisions.
The hypothesis has also been used to explain the 7.1+/~-production ratio in nucleon-nucleus collisions. 4 We have assumed production from the (3/2, 3/2) state and have
finvestigated the .processes 71 t p --7 71 f 11 + n and 11 -1-p ~71 -t 71 f p.
The procedure has been to derive the amplitude describing the process by the method of Low. Low. We will be dealing with a transition matrix for scattering off the energy shell. Chew and Low have derived an approximate expression for this matrix in a form that exhibits the resonant behavior of its (3/2, 3/2) part.
It was this possibility which led to the calculation presented here, in the .hope that, in spite of the approximations, the form of this matrix off the energy shell would give reasonable results in the computation of a cross section for meson production. Chew and Low have shown that, on the energy . 6 shell, their matrix gives a good description of low-energy scattering.
CALCULATIONS
Following Low, 5 one starts with D,yson's S matrix between initial and final bare particle states,
HI is the usual interaction Hamiltonian for pseudoscalar meson theory. 5
Assume k f k 1 1 k 2 ; p T p'. The ai * (k) is commuted through the P bracket to the left and the a .,e (k 2 ) and aj(k 1 ) are commuted through to the right, making use ot (2) The resulting expression is transformed by making use of the identity .. ...,
We now perform the indicated soace and time integrations, setting _,
x • x 0 = 0 in the final result. This is best done as in the following example. Introducing complete sets of exact eigenstates I ~n> and I tf.Jm ), and considering a particular time ordering z 0 > y 0
Here we have used
This procedure is carried out for each time ordering. The full amplitude is then given b,y
plus three additional terms obtained by interchanging the subscripts j and
. J. and 1 and 2. We wish to treat the equation for is well above the (3/2, 3/2) resonance energy, the contribution of these diagrams to the matrix element is less than 10% of that from Diagrams (h) and (i). We shall consider only the latter two diagrams. times f' This can be seen from the following: 
Evaluating this matrix element is equivalent to taking the vertex operator between bare nucleon states and renormalizing the coupling constant,
7,8
The scattering matrix may be expanded in terms of projection operators for the various states of total isotopic spin and angular momentum. We keep only the I = 3/2, J = 3/2 part. Then
Here P3 and ~ are projection operators for the J. : 3/2 and I : 3/2 states respectively. P 3 is given explicitly by p -
The. expression for h 3 (t<t) in the "effective range approximation" ·.
.,
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FIGURE CAPTIONS
E:hg~~-1: Feyn:nan diagrarr:s for :r.eson production i);. the Born anoroximation. ... · .
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